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A system and meifaod of detennining the maximum ufdink ttansmit power of a subscriber station 
fiom a lemote base station where the subscriber station leports incidents of fbldback in its radio to 
•be base station. When the base station receives the report, it reduces Ihemaximian uplink transmit 
power of die subscriber station. After aperiod of time lapses without any reports of foldback 
occairiag, the base station increases the maxhnum uplink ttansmit power of the subscriber station. 
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SYSTEM AND METHOD FOU MANAGING AVAtl^ABLR UPI.INK TRANSMIT PpWER 

FIELD OF THE INVENTION 

The present invention relates to the field of power control in wireless systems. More 
5 specifically, the present invention relates to determining at a base station estimates of the available 
uplink transmit power for eacb subscriber station communicatmg with that base station. 



BACKGROUND OF THE INVENTION 



10 la wireless networks, cc«nprising at least one base station and a pluraHty of subscriber 

stations, where the network is subject to llie ''near-fin'* problem and/or tbe like, the base station is 
preferably involved wifli the managment bf the transmission power levels of each subscriber 
station. In general, permitting a subscriber station to transmit witiii more power allows that 
subscriber station to achieve a higher data mte, but can also interfere with the transmissions of oth^ 

1 5 subscriber stations. The tradeofis between overall network efficiency versus performance of a 
particular subscriber station need to be carefully managed. 

In addition to network limits, each subscriber station is limited in its own maximum uplink 
transmit power by regulatory and/or hardware limits. If a subscriber station transmits at an uplink 
transmit power level higher ttian its rated uplink transmit power, non-linear effects in the 

20 transmitter's power amplifier can produce errors in the channel. Additionally, for health and safety 
reasons and for regulatory reasons to minimize adjacent channel interference, wireless devices are 
restricted in the amount of power that they can transmit with, and this amount is ^ically less than 
the maximuni possible output of the subscriber station's power amplifi^. For example, a fixed 
wfareless transmitter operating at 1 «9 MHz may be restricted, by regulation, to a maximum uplink 

25 transmit power of 30 dBm. As known to those of skill in the art, specialized circuitry in tiie 

subscriber station's power amplifio:, typically referred to as ''foldback circuitry*', is oBbeu employed 
to limit outputted power and prevent the subscriber station fiom transmittmg over-specification 
and/or outside of regulatory limits. 

When the base station is responsible for admitting subscriber stations to a higher data rat6S» 
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Ae base station needs to know how much avaflid>le upliDk tnosmit power (ie., difib«nce 
between the maximum uplink tnmsmit power and the oonent avetage uplink tiansmit power) is 
available for eadi subscribe station. The base station does not want to assign a rate to the 
subscriber station that the subscriber station is unable to achieve due to an insufBcient amount of 
5 available upUnk tiansmit power. The base station canmake an estimate of available uplink transmit 
power for a subscriber station by lecdvfag reports of the current uplink transmit power uplink 
transmit power fiom that subscriber station. However, this estimate may not be accurate due to 
variations in the subscriber station's measurement due to operating temperatures in the circuitiy, a 
lack of, or limited, cafibratioa of circuitiy in fee subscriber station. Due to these inaccuracies, the 

1 0 base station naay perceive that a subscriber station has more available uplink transmit power than is 
actually flie case. As such, the base station may attempt to admit the subscriber station to a higher 
uplink data rate, requiring a higher uplink ttaasmitpoww than the subscriber station can actually 
sujqpott, resulting in channel enots and a waste of networic capacity. 

To prevent this problem fiom occutriQg, it is typical to provide an uplink tiansmit power 

15 maigfa to the estimate of available uplink tnmsnut power ID account to variancw 
subscriber station. However, providing too large an upliidc transmit power maig^ 
potentially lower maxmnmi data rate for the subscriber station, while providing too smaH an uplink 
transmit power margin can result in conmumication Imketrars and a waste of network capadly. As 
such, it is desired to provide a system and method lo detemine moie accurately the amount of 

20 available uplink ttansmitpower avaflable to a subscriber station in onlerto assign data rates to that 
subscriber statioa 



SUMMARY OF THE INVENTION 



ft is an object of the presait invention to provide a novel system and method for managing 
uplink transmit power that obviates or mitigates at least some of the above-identified disadvantages 
oftiie prior art 

According to a first a^ect of the present invention, there is provided a method of 
detemunn^ at a base station an estimate of the maximum available uplink transmit power of a 
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subscriber station having a ladio including fbldback cixcuitry and maintaining fhat estimate at the 
base station, the method comprising: 

transmitting a message fiom the subscriber station to die base station whenever an incident 
of foldback occurs at the subscriber station; 

decreasing the maintained estimate of the maximum uplink transmit power of the subscriber 
station at the base station when the base station receives the message fiom the subscriber statioi^ 
and 

increasing the maintained estimate at the base station when a predefined period of time has 
lapsed after tiie base station received die message. 

According to another aspect of the preset invention, there is provided a system for 
transmitting data comprising: 

a plurality of subscriber stations each operable to transmit a message indicating an incident 
of foldback in the subscriber station; and 

a base station operable to maintain an estimate of the maximum available uplink transmit 
power for each the subscriber station and to receive any the messages fiom the plurality of 
subscriber stations and to reduce the maintained estunate for each the subscriber station which has 
sent any the message. 

AcccMrding to anodier aspect of die present invention, there is provided a system for 
transmitting data comprising: 

at least one subscriber station operable to transmit data at a plurality of different data rates, 
the subscriber station ftmher operable to transmit a message indicating an incident of fbldback in 
the subscriber station; and 

a base station operable, upon receiving the message, to reduce die data rate for the 
subscriber station. 

The present invention provides a system and method of detenmning and nutintftfnfTig at a 
base station an estimate of the maximum available uplink transmit power of a subscriber station, 
where the subscriber station reports incidents of foldback in its radio to the base station. When the 
base station receives the report, it reduces the estimate of the maximum available uplink transmit 
power of the subscriber station to prevent channel enors. Typically, the base station will also 
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reduce die data rate for the subs<^*ber station. After a period of time lapses without any lepoits of 
foldback occurring at the subscriber station, the base station increases the estimate of the maximum 
avaihble uplink txansmit powCT of the subscriber station. 

S BRIEF DESCiUPnON OF THE DRAWINGS 

A present embodimeiit of the present invention w31 now be described, by way of example 
only, with reference to the attached Figures, wherein: 

Figure 1 is a schematic representation of a wireless network, in accordance wifii an 
10 ^bodiment of the invention, comprising a base station and a plurality of subscriber stations; 

Figure 2 is a representation of a communications link as shown in Figure 1» conqnised of 
channels having different capacities; 

Figure 3 is a schematic representation of the base station shown in Figure 1 ; 

Figure 4 is a schematic representation of one of the subscriber stations shown in Figure 1 ; 
IS Figure S is a representation of event messages transmitted between subscriber stations and a 

base station over the communications liiik shown in Figure 2; and 

Figure 6 is a flowchart showing how flie base station determines an uplink transmit power 
margin for a subscriber station. 

20 DETAILED DESCRIPTION OF THE INVENTION 

Referring now to Figure 1, a wireless network fin: transmitting data is indicated generally at 
20. Network 20 includes a radio base station 24 and a plurality of subscriber stations 28a, 28b . . . 
28n. In a presendy preferred embodiment, radio base station 24 is connected to at least one data 
25 telecommuiucations network (not shown), such as a land line-based switched data network, a 

packet network, etc., by an appropriate gateway and one or more backhauls (not shown), such as a 
Tl, T3, El , E3, OC3 or other suitable land line link, or a satellite or ofter radio or microwave 
channel link or any other link suitable for operation as a backhaul as will occur to those of skill in 
the art 
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Base station 24 communicates wifli subscriber stations 28 which, in a piesent embodiment 
of flio invention, are installed at subscriber premise^, as is common in a vrireless local loop (WLL) 
system but could also be nomadic or mobile stations as will be apparent The number 'n' of 
subscriber stations serviced by a base station 24 can vary depending upon a variety of &ctois, 
S including the amount of radio bandwidth available and/or flie configuration and requirements of the 
subscriber stations 28. 

As illustrated in Figure 1, die gepgraphic distribution of subscriber stations 28 wifli respect 
to base station 24 need not be symmetric nor will subscriber stations 28 which are physically 
located close to one another necessarily experience the same or similar rec^tion qualities due to a 

10 variety of factors including the geographic environment (the presence or absence of buildings 
which can reflect or mask signals), the radio environment (the presence or absence of radio noise 
sources), etc. and inherent radio propagation properties, such as Rayleigh fading, etc. Thus, in most 
circmnstances individual subscriber stations 28 served by a base station 24 will have significantly 
dififerent reception and transmission qualities firom other subscriber stations 28 served by base 

IS station 24 and these qualities will change over time. 

As known to those of sidll in tiie art, subscriber stations 28 can be geographically 
divided into different radio sectors formed via beam fanning antennas at base station 24 to increase 
ttie number of subsmber station 28 that can be served tern a sfaigle base station locatk^ hisucha 
case, each sector essentially acts as a different base station and base staticm 24 can manage die 

20 netwoik resources in each sector ind^>endentofeacho1her sector. WhfleFigu^ showsonlyone 
base station 24 with a single sector, it will further be apparent to those of skill in the art that 
network 20 can contain multiple, geographically distributed base stations 24, with overiqqping 
sector coverage of subscriber stations 28, and where each subscriber station 28 in an overlapping 
sector coven^e area can select which base station 24, or base stations, it will be served by. 

25 A commimication link 32 is established between base station 24 and each subscriber 

station 28 via radio. Communication link 32a carries information to be transferred between base 
station 24 and subscriber station 28a, communication link 32b carries information to be tiansfened 
between base station 24 and subscriber stations 28b, etc. Communication links 32 can be 
implemented using a variety of multiple access techniques, including TDMA, FDMA, CDMA or 
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faybrid systans such as GSM, etc. to obtain links 32a, 32b, etc. to xegpective subscriber stations 28a» 
28b, etc. In a present embodunent, data transmitted over communication link 32 is transmitted 
using CDMA as a multiple access technolc^ and the data is in the form of packets, enc^isulated 
williin slotted time fiames. 

S As used herein, the tenns '^Mckage"^ ^'padc^ed'* and *^packag^' refer to the overall 

anangement of the transmission of tte data fx its lecqytion at an intended destination receiver. 
Packaging of data can include, without limitation, applying dififerent levels of forward error 
correcting (FEC) codes (fiom no coding to high levels of coding and/or dififerent coding methods), 
employing various levels of symbol repetition, employing different modulation schemes (QPSK, 4- 

10 QAM, 16-QAM, 64-QAM, etc,) and any other techniques or methods for arranging data 

transmission with a selection of the amount of radio (or other physical layer) resources required for 
the data rate and the probability of transmission errors which are appropriate for the transmission. 
For example, data can be packaged with rate 1/4 FEC coding (each Idata bit is transmitted in 4 bits 
of information) and 16-QAM modulation for transmission to a first intended receiver and packaged 

15 witii rate 1/2 FEC coding and 64-QAM modulation for tiansmission to a second intended receiver, 
which has a better reception-quality than flie first 

Communications link 32 operates in both an uplink (firom a subscriber station 28 to base 
station 24) and a downlink direction (fimn base station 24 to subscriber stations 28). The method of 
providing botii uplink and downlink direction is not particularly limited, and in the present 

20 CTibodiment communications link 32 operates by fiequenx^ division duplexii^ (FDD). However, 
other methods of providing both an upfink and downlink direction, such as time division diq^lexing 
(TDD) and hybrids thereof are within the scope of tiie invention. 

Referring now to Figure 2, communications link 32 is coiiq>rised of a plurality <tf channels 
that can be downlink channels, uplink channels or bi-directional channels. In the present CDMA 

25 implementation, channelization of the downlink of communications link 32 is achieved witii 

orthogonal coding of Imk 32. In the current embodiment, dedicated data channels (DDCHs) 36 are 
used as an uplink from subscriber stations 28 to base station 24 and are used to carry latency- 
sensitive traffic in the downlink from base station 24 to subscriber stations 28. A broadcast data 
channel, not shown, can also be employed in the downlink direction to transmit data that is less 
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latency sensitive. DDCHs 36 can be appropriately sized, in both tiie uplink and downlink 
directions, to provide a variety of data rates over varying reception qualities experienced at a 
subscriber station 28, as needed. Fc»r example, DDCH 36a between base station 24 and subscriber 
station 28a can be sized to provide a higher data rate tiban DDCH 36b between base station 24 and 

S subscriber station 28b. 

Figure 3 shows an example of a base station 24 in ffeatoc detail . For the sake of clarity. 
Figure 3 shows an example of a single sector base station 24. However, as described above, multi- 
sector base stations 24 are also within llie scope of 4ie invention. Base station 24 comprises an 
antenna 40, or antennas, for receiving and ttansndttuig radio-communications over communication 

10 communications link 32. Antenna 40 is connected to a radio 44 and a modem 48. Modem 48 is 
connected to a microprocessor-«outer assembly 52 such as a Pentium III processor system 
manufactured by INTEL. 

Microprocessor*router assembly 52 is responsible for radio resource management of all 
subscriber stations 28 within its sector 36. It will be imderstood tiiat assembly 52 can include 

15 multiple microprocessors, as desired and/or that the router can be provided as a separate unit, if 
desired. The router within microprocessor-router assembly 52 is connected to a backhaul 56 in any 
suitable manner, which in turn connects base station 24 to a data telecommunications network (not 
shown). 

Refendng now to Figure 4, an example of a subscriber station 28 is shown in greater detail. 

20 Subscriber station 28 comprises an antenna 60, or antranas, for receiving and transmitting radio- 
communications over communication communications Unk 32. Antenna 60 is connected to a radio 
64 and a modem 68, which in turn is connected to a microprocessor-assembly 72. Radio 64 
includes a power amplifier 76, operable to provide the desired uplink transmit power. Power 
amplifier 76 includes foldhack circuitry 80 that monitors a current in power amplifier 76 indicative 

25 of the actual uplink transmit power provided to antenna 60, referred to hereinaftar as the 

**monitored current. Foldback drcuitry 80 operates to limit the monitored current to prevent power 
amplifier 76 firom being driven over specification and/or outside regulatory limits. When foldback 
circuitry 80 operates to limit the monitored cunent, power amplifier 76 is referred to as being in a 
foldback condition. A foldback condition indicates that subscriber station 28 is at its maximum 
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uplink transmit power and, as such, has no available uplink transmit power. 

Microprocessor-assembly 72 can include, for example, a StrongARM or Xscale processor 
manufactured by Intel, that performs a variety of fimctions, including implementing A/D-D/A 
conversion, filters, encodm, decoders, data compressors, de-compressors and/or packet 

5 assembly/disassembly. Microprocessor-assembly 72 interconnects modem 68 with a data port 84, 
for connecting subscriber station 28 to a data client device (not shown), such as a personal 
computer, personal digital assistant or the like which is operable to use data received over 
communication communications link 32. According^, microinocessor-assembly 72 is op^able to 
process data between data port 84 and modem 68. Microproc^sor-assembly 72 is also 

1 0 interconnected to at least one telephony port 88, for connecting subscriber station 28 to a telephony 
device (not shown) such as a telephone or facsinule machine. 

A problem with prior art systems is tfiat the base station's estimate of a subscriber station^s 
available uplink transmit power is often inaccurate. As described earlier, temperature variations and 
a lack of sufficient calibration in a subscriber station's power amplifier will cause the power 

1 S amplifier to potentially produce a different uplink transmit power dian what is being reported. If a 
subscriber station has less available uplink transmit power than is estimated by the base station, the 
base station could instmct that subscriber station to move to a higher data rate (for eTcample, by 
changjng its modulation scheme from 32-QAM to 16-QAM) than the subscriber station could 
currently achieve. Foldback circuitiy would prevent the subscriber station fix>m being overdriven to 

20 achieve the desued data rate, resulting in transmission errors. Alternatively, a subscriber station 
could have more available uplink transmit power than is estimated by the base station. In this 
situation, tiie base station will not allow a subscriber station to achieve its highest possible data rate. 

In contrast to the prior art, in die present invention* as part of its regular operations, each 
subscriber station 28 tracks incidents of foldback to provide a more accurate estimate to base 

25 station 24. Referring now to Figure 5, each subscriber station 28 maintains a foldback record 100, 
which is stored on microprocessor-assembly 72. Each time foldback occurs foldback record 100 is 
updated. The information stored in foldback record 100 is not particularly limited and can include 
foldback information such as the number of consecutive frames in which foldback has occurred or 
the percentage of frames over a period of time in which foldback has occurred or both. Other 
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foldback-ielated infonxiation that may be usefully stored in foldback record 1 00 will occur to those 
of skill in the ait 

Within network 20, the allocation of radio resources is controlled by a radio resource 
allocation manager (RRAM) 104 which runs on microprocessor-assembly 52 of base station 24 or 

S on any other appropriate computing resource within network 20. RRAM 104 is responsible for 
assigning and unassigning DDCHs 36 and for adjusting data rates in both the uplink and the 
downlink. The data rate assigned to a DDCH 36 can change over the course of its duration, based 
on the demands fiom subscribe station 28 and the amount of available resources within network 
20. RRAM 104 tracks the date rates and other known operating values for each subscriber station 

10 28 in a subscriber station record 108. For example, each subscriber station record 108 also stores 
both the maximum uplink transmit power (P^i^), and the current average uplink transmit power 
(Pave) of the subscriber station, as reported by subscriber station 28 to base station 24. Subscriber 
station record 108 also maintains a uplink transmit power margin (&) for each subscriber station 
28 which is used in an attempt to correct for calibration and temperature-related variations in the 

1 S maximum uplink transmit power. The uplink transmit power margin will be described in further 
detail below. 

As part of its regular operations, subscriber station 28 transmits different kinds of messages 
to base station 24. These messaees can be transmitted over DOCH 40 or over another channel if a 
DDCH 40 is not currently established betwem subscriber station 28 and base station 24. 

20 One type of message transmitted periodically fiom each operating subscriber station 28 to 

base station 24 is a measurement report 1 12. Measurement reports 1 12 can include, among other 
thin^ the received signal strength fi-om base station 24 experienced at a subscriber station 28 and 
the PAve for the subscriber station 28. Upon receiving a measurement report 1 12, RRAM 104 
updates the values it has stored for the subscriber station 28 in a subscriber station record 108. 

25 Another message transmitted fiom subscriber station 28 to base station 24 is a rate increase 

request 1 16. In die current embodiment, subscriber station 28 transmits a rate increase request 1 16 
whenever it has a queue of data to be transmitted which has exceeds a preselected value, or in other 
words, data to be transmitted is being enqueued at some rate faster than the data is being 
transmitted. In response, RRAM 104 will determine whether or not it can move subscriber station 
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28 to a high^ data rate by inciea&ing the size of DDCH 40. RRAM 104 calculates the amount of 
available uplink transmit power (APAvaiiabie) for a subscriber station 28. If there is insufficient 
APAvaaabkf then B(RAM 104 will not able to increase the size of DDCH 40 and cannot admit 
subscriber station 28 to the higher data rate. As wiH be apparent to those of drill in the art, available 
S uplink transmit power is only one criterion in attempting to admit subscriber station 28 to a hig^ 
uplink data rate, and other fiictois are also considered. Other such &ctors can include the 
management of total sector interference. Quality of Service (QoS) concerns, and other hardware 
limitations. 

In the current embodiment, RRAM 104 determines available uplink transmit power using 
10' die following formula: 

^AvaUable-PAfairPAve 

where APAvaUabu indicates the amount of available i^ilink transmit power &r a subscriber 
station, indicates the maximum uplink transmit power of subscriber station 28 and Pavo 
indicates the average uplink transmit power, as reported by subscriber station 28 and stored in 
1 S subscriber station record 104. 

As described earlier, the Pmox of a subscriber station can vary considerably due to a lack of 
• calibration and environmental variations. As such, an uplink transmit power margin (Sh) is applied 
so that power amplifier 76 is not driven out of its intended operating range. RRAM 104 determines, 
the Pmos of subscriber station 28 as follows: 

Phfax'^'PsSmax + & 

20 where Ps^nax indicates a predetermined maximum uplink transmit power for all subscriber 

stations 28. Pssmax is be the lower of the maximum rated power output of pow^ amplifier 76 and a 
maximum rated power output set by regulators. In the present einbodiment, Pssmax is defined as 25 
dBm. ^indicates the current uplink. transmit power marghi applied to subscriber station 28. In a 
present embodiment, Sh can range fi^om a minimum of -3 dBiii to a maximum of 6 dBm. Thus a 

25 subscriber station 28 with a predetermined Pssmax of 25 dBni having the maximum & would be 
considered to have a Pmox of 3 1 dBm for the purpose of determining APAvaiiabie' How RRAM 104 
determines ^ is described in greater detail below* 

Another message transmitted from subscriber station 28 to base station 24 is a foldback 
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evmt message 120. As described earlier, subscriber stations 28 track when pow^ aixq>lifier 76 is in 
a foldback condition. When the foklback value or values stored in foldback r«coid 108 reach a 
predetermined flueshold, a foldback event message 120 reporting an incident of foldback is 
transmitted to base station 24. This predetermined threshold can be adjusted by a network operator 

5 to account for different local netwoik conditions and for different t^es of foldback. For example* a 
foldback event message 120 could be sent when foldback record 108 holds a value indicating that 
25 or more consecutive frames have been subject to foldback. Another example would be if 
foldback record 108 holds a value indicating that at least 10% of all fiames transmitted over a 
predefined period of time have been subject to foldback. 

10 Referring now to Figure 6, a method of determining at base station 24 the uplink transmit 

power margin (fij) for a subscriber station 28 is shown beginning at step 200. The mediod of 
determining ^is a mediod that runs continuously within KRAM 104 for each subscriber station 28 
served by base station 24. At step 200, the method commences with RRAM 104 initializing its 
subscriber station records 104» including the value for Sh* In the current embodiment, Sh starts at a 

15 predetermined maximum value, such as 6 dBm. Using the initial value of RRAM 104 is able to 
determine the derived value of Pjwiw using the formula described above. Step 200 occurs upon 
power-up of base station 24 or whenever a new subscriber station 28 joins network 20 and is to be 
serviced by base station 24. 

At step 204, RRAM 104 checks to see if it receives a foldback event message 120 from 

20 subscriber station 28. If a foldback event messages 120 is received, the method advances to step 
208. Otherwise the method advances to stesp 212. 

At step 208, in response to the receipt of tiie foldback event message 120, RRAM 104 
decreases the uplink transmit power margin (&) value stored for Ifaat subscriber station 28. 
Provided that the value of Sh is greater than the above-mentioned minimum value for the stored 
value of & is reduced by a predetermined amount, hi the current embodiment, this predetermined 
amount is 1 dBm. After reducing the value of RRAM 104 detmnines the revised value of Fmox* 
The method thm returns to step 204. 

If at step 204, no foldback event message 120 has been received, then at step 212, RRAM 
104 determines whether a predetermined interval has lapsed at subscriber station 28 wi^ut any 



CA. 02431847^ 2003-06-09 



-12- 

foldback event messages 120 being received. In a present embodiment^ this predetermined interval 
is 30 minutes, although other predetermined intervals can be employed^ as appropriate. If the 
predetermined interval has lapsed without any foldback event messages 120 bdng received then fhe 
melliod advances to st^ 216. Otherwise, die rnelhod returns to step 

At stq) 216» if the uplink transmit power margin (*) fiwr subscriber station 28 is less flian 
its maximum value (6 dBm in a present enibodiment), then base station 24 incxeases & for that 
subscriber station 28 by a fixed amount (1 dBm in a present embodiment). After increasing the 
value of Sff, BRAM 1 04 determines fhe revised value of Pj^ Once the uplink transmit power 
margin iS=f has been increased, the method returns to step 204. 

While the above method contenq^lates a^sting & by a predetermined increment of power, 
such as 1 dBm, the uplink transmit power margin can be adjusted in different increments. For 
exan^e, if foldback cv«t messages 120 are transmitted fiequmtly (say, once a minute), flien 
RRAM 104 could reduce fiyby a larger increment, e.g. 2 dBm. Conversely, if foldback event 
messages 1 20 are being transmitted relatively infrequently (say, once every ten minutes), then 
RRAM 104 could reduce ft/ by a smaller increment, such as 0.5 dBm. Alternatively, subscriber 
station 28 can indicate the intensity of fhe foldback in foldback event message 120, In this case, 
RRAM 104 could reduce & by an amount fnqportional to Ifae intensity ofthe foldback condition in 
subscriber station 28. 

As will undoubtedly be apparent to those of skill in tiie art, if subscriber station 28 transmits 
a foldback event message 120 to base station 24, then subscriber station 28 is already transntittiiig 
at its / W. RRAM 1 04 may determine that subscriber station 28 is txansmitdng at a higher date than 
its Pmox can reliably support. As such. RRAM 104 may instract subscriber station 28 to move to a 
lower data rate. It is also oontmiplated that subscriber station 28 could, witiiout recdving 
instructions from base station 24, reduce its data rate on communications Ihik 32, upon 
experiencing a foldback condition. For example, if the vatae in foldback record 100 mdicates that 
least 1 5% of all frames transmitted over a predefined period of time have been subject to foldback, 
subscriber station 28 could automatically reduce its data rate on communications Irak 32. 
Subscribe station 28 would still send a foldbadc event message 1 20 to base station 24 so fliat base 
station 24 would be aware of both the foldback condition in subscriber station 28 and the changes 
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being made to conmunteations link 32. Other 

By receiving foWback event messages 120 fiom subscriber station 28. KRAM 104 is able to 
deteimine a more accurate estimate of the avaiTaWe Bplink tian^ 

station. Each time a foklbaok event message 120 is received, RRAM 100 decreases wUchas a 
result decreases /W as welL By decreasirtg the value of Pua^ RRAM 100 reduces its estiaiate of 
^AMom fiw subscriber station 28, attimatEly vesultiog in fewer or no Ibldback events beiqg 
reported. After a period of time with no foldback events behig reported. RRAM 100 mcteases 3n 
(ftereby mcreasmgfhe vahieof/>Ato andfl» esthnate of 4P^««^,).By contmuously a4iu5ting Sh 
both up and down, RRAM 1 00 is able to achieve a more reliable estnnate of /iP^aate. This mote 
reliable estunate ofAPAmibm rectoces Ha number of foldbadc events e3q)erienced by subscriber 
station 28. (flius reducing the number of Unk errors caused by subscriber station 28) and maxhnizes 
flie maxnnum uplink transmit power available to subscriber station 28. 

The above-described embodiments of the mvention are mtended to be examples of the 
pres«it mvCTtion and alterations and modifications may be effected thoeto, 1^ those of dcfll in die 
art, without departmg fiom the scope of the invention which is defined solely by ibs clahns 
appended hereto. 
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What is claimed is: 

1. A method of determining at a base station an estimate of flie maTdmum available uplink 
transmit power of a subscriber station having a radio including foldbadc dicmtiy and majn^.v^k^g 
that estimate at said base station, said mefiiod craipri^g: 

transmitting a messa^ fiom said subscriber station to said base station whenever an 
incident of foldback occurs at said subscriber station; 

decreasing the maintained estimate of said maximum uplink transmit power of said 
subscriber station at said base station when said base station receives said message fiom said 
subscriber station; and 

increasing said maintained estimate at said base station when a predefined period of time 
has lapsed after said base station received said message* 

2. The method of claim 1, wherein said base station mcreases said maintained estimate in 
increments of 1 dBm. 

3. The method of claim I, wherein said base station decreases said maintamed estimate in 
increments of 1 dBm. 

4. Hie method of claim 1, wherem said predetermined length of time is 30 minutes. 

5. The mediod of claim 1 , wherem said incident of foldback includes said radio mperiencmg a 
preselected number of consecutive frames. 

6. The method of claim 1, wherein said uicident of foldback mcludes said subscriber having a 
foldback duty cycle of more than 10% over a predetermined period of time. 



7. The method of claim 1 wherein said message includes an indication of ttie degree of 
foldback imposed at said subscriber station and said base station decreases said maintained estimate 
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proportionally to the degree of foldback. 

8. A system for transmitting data comprising: 

a plurality of subscriber stations each operable to transmit a message indicating an incident 
of foldback in said subscriber station; and 

a base station operable to maintain an estimate of flie maxhnum available uplink transmit 
power for each said subscriber station and to receive any said messages fiom said plurality of 
subscriber stations and to reduce said maintained estimate for each said subscriber station which 
has sent any said message. 

9. The ^tem of claim 8, wherein said base station adjusts the maximum uplink transmit 
power in increments of 1 dBm. 

10. The system of claun 8, wherein said base station increases the maximum uplink transmit 
power of after a predetennined period of time has l^sed since receiving said message indicating 
any mcidents of foldback in said radio. 

1 1. The system of claun 10, wherein said predetennined period of time is 30 minutes. 

12. The system of claim 8, wheidn said incident of foldback includes said radio e3q>eri6ncing 
foldback over a preselected number of consecutive flames. 

13. The system of claim 8, wherein said incident of foldback includes said subscriber having a 
foldback duty cycle of more than a predetermined amount 

14. The system of claim 8, wherein said base station adjusts said maximum uplmk transmit 
power of said each subscriber station in accordance with the method described in claim 1, 



15. A system for transmitting data comprising: 
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at least one subscriber slatkm opoable to taansmit data at a phualhy of diflferent data tales, 
said at least one subscriber station flirtber operable to ttansmit a message indicatiog an incident of 
foldback in said at least one subscribet 8tatial^ and 

a base station openible. iq>oa receiving said message, to reduce ibe data rate for said at least 
one subscriber station. 

16. A subscriber station having a radio induding foldback carwritiy and operable to transmit a 
message indicating any incidents of foldback m said radio to a base station. 

17. The subscriber statiooa of claim 16, wherein an incident of foldbatOc includes said radio 
ecpariencing foldback ovor a pred^med number of cimsecutive fiames. 

18. The subscriber station of claim 16, wherein said incident of foldback includes said 
subscriber lavir^ a foldback duty cycle of more tban a predetemuned amount 

19. A subscriber station having a radio with foldback circuitry, said subscriber station operable 
to transmit data at a pluraUty of diflferent data rates, and said subscriber station further operable 
transmit data at a lower data rate fiom said phiraKty of different data rates aflsr experiencing 
foldback in said foldback circuitry. 

20. A base station operable to receive messages fiom a reniote subscriber station and liirflier 
opwable to adjust an esthnate of the m a ximum available opHnk transmit powa maintained for said 
subscriber station iq>on rec^ving a message indicating an mcident of foldback far the radio (tf said 
subscriber station. 

21 . The base station of claim 20, wherein said base station adjuste tiie estimate of maximum 
available uplink transmit power in increments of 1 dB. 

22. The base station of claim 21, i^rein said base station increases the estimate of maxhnum 
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available apUnk transmit power of said subscriber statiaa afier a pred^eomned period of time has 
lapsed since feceivii^ a message indicatii^ any inddei^ 

23. The base station of daim 22, wherein said piedetennined period of time is 30 minutes. 

24. The base station of daim 20, wherein said base station a^usts said maximun avaihble 
uplink transmit power of said subscriber station in accordance \with the mefliod described in claim 
1. 

25. A base station operable to reduce die data rate of a subscriber station, v^on receiviog a 
message ftom said subscribw station indicating an incident of fi>ldback in Ae radio of said 
subscriber station. 
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